Interferon production was demonstrated by the goldfish-derived CAR cell line in response to infection by goldfish virus-2. Supernatants of infected cultures provided antiviral protection to CAR cells and another cell line derived from goldfish, ABIII. The protective factor retained activity after ultracentrifugation, dialysis, freezing and thawing, acid treatment (pH 2), or heating to 56°C but was sensitive to trypsin. Supernatants of infected cultures did not affect adsorption of virus. Previous studies have shown that replication of goldfish virus type 2 is enhanced by pretreatment of cultures with subcytotoxic concentrations of carbaryl. In the present study, pesticide-treated cultures were found to synthesize reduced levels of interferon.
Several studies have documented enhanced virus replication in vivo and in vitro in the presence of pesticides or their emulsifiers. Enhanced replication has been demonstrated for varicella-zoster virus (1), poliovirus type 1, vesicular stomatitis virus (9) , and encephalomyocarditis virus (3, 4, 9) . A variety of cultured mammalian cells have been stimulated to replicate viruses at enhanced levels as a result of treatment with pesticides and emulsifiers, leading to the suggestion that this is a general property of mammalian cells (9) . However, no definitive mechanisms for enhancement have been established.
The replication of goldfish virus-2 (GFV-2) is enhanced in vitro by pretreatment of piscine cultures with subcytotoxic concentrations of the pesticides carbaryl and toxaphene. This phenomenon is dependent on time and temperature, does not involve differential adsorption of virions, and does not result from direct interaction of pesticide and virion. It was therefore suggested that metabolic interaction between CAR cells and these pesticides is responsible for enhancement (10) .
In an effort to determine the mechanism for enhancement of GFV-2, infected CAR cultures were examined for interferon synthesis and for a reduction in interferon synthesis in infected cultures which had been pretreated with carbaryl.
MATERIALS AND METHODS
Cells and virus. Cultivation of the goldfish-derived cell lines CAR (ATCC CCL-71) and Air Bladder III (ABIII, obtained from J. Gabliks) and infection with the iridovirus GFV-2 have been previously described (10, 12 Infection with GFV-2. Pesticide-treated and untreated cultures were rinsed three times with Hanks balanced salt solution (GIBCO) and infected with GFV-2 at a multiplicity of 1 in 1 ml of medium without pesticide. Two hours later, an additional 4 ml of medium without pesticide was added, and cultures were incubated an additional 5 days.
Preliminary characterization of interferon. On day 5 after infection, cultures were frozen (-700C) and thawed (room temperature) three times and were centrifuged at 100 rpm for 20 min to remove cellular debris. The supematant was then centrifuged at 100,000 x g for 1 h to remove the remaining virus. The resulting supernatant was adjusted to pH 2 with HCl and incubated for 4 h at room temperature to inactivate residual virus. Before the assay for biological activity, the pH was readjusted to 7 with NaOH. Samples of this supernatant were dialyzed for 12 h at 40C against Hanks balanced salt solution, heated at 56°C for 30 min, or incubated for 1 h at 37°C with 0.2 mg of trypsin per ml before being dispensed onto cultures. The effect of infected culture supernatant (IS) on GFV-2 adsorption was tested by dispensing 1 ml of a 1:2 dilution onto CAR cells in 24-well trays and then removing this medium 24 h later and infecting the cultures with GFV-2 at a multiplicity of 1. After 2 h, the viral inoculum was removed and titrated.
Assay of interferon activity. Serial twofold dilutions of uninfected culture supernatant without pretreatment with carbaryl (US) and with it and IS without pretreatment with carbaryl and with it (IScarb) were dispensed onto CAR and ABIII cultures in either 24-well trays (1-ml wells; BD Labware, Oxnard, Calif.) or 96-well microtiter trays (0.1-ml wells; Corning) and incubated for 24 h. The supernatants were then removed, and cultures were injected with GFV-2 at a multiplicity of 1 (alternate cultures were mock infected) in either 1 ml (24-well tray) or 0.1 ml (96-well tray) of medium, and cultures were incubated for 5 days. Antiviral protection was quantitated by two methods: (i)
ENHANCEMENT OF GFV-2 REPLICATION BY CARBARYL comparison of the infectious titers (expressed 50% tissue culture infective doses [TCID50] per ml) of GFV-2 replicated in cells pretreated with supernatants or in stock medium (defined as 100%); and (ii) comparison of the extent of gentian violet bound by surviving cells of infected cultures after pretreatment with various supernatants by the interferon assay of Armstrong (2) . RESULTS IS provided a protective effect against subsequent GFV-2 replication in CAR cell cultures as compared with US and stock medium ( Table 1) . The virus titers of CAR cell cultures receiving a 1:2 dilution of IS were less than 10% of the titers of cultures receiving only stock medium. This effect was progressively lost upon serial dilution. US provided no protection as compared with stock medium. Dye binding (Table 2 ) showed a similar relationship; the extent of dye bound by an infected culture was over 10-fold greater when the culture had received a 1:2 dilution of IS than when it received US or stock medium.
This protective effect did not involve differential adsorption of GFV-2 since equivalent amounts of unadsorbed virus were obtained from cultures treated with IS and with US; 103 TCID50 was unadsorbed in each case.
The factor mediating this protection was non-dialyzable and was not heat labile. However, the protective effect was drastically reduced by treatment with trypsin (Table 3) . IS also protected ABIII cells against GFV-2 infection in a doseresponse manner (Table 4) .
Quantitation of antiviral protection provided by IScarb and IS revealed that pretreatment with pesticide caused a reduction in antiviral protection ( activity in IScarb, but a reduced amount is present, as evidenced by its more rapid loss upon serial dilution as compared with IS.
A similar reduction in protective effect was observed for ABIII cells when treated cells were assayed by dye binding (Table 6 ). With a 1:2 dilution, essentially equivalent levels of protection were observed with IS and IScarb. A 1:4 dilution of IScarb provided only one-fifth of the protection provided by IS, and a 1:8 dilution of IScarb was only half as effective against GFV-2 infection as IS was.
DISCUSSION
In an effort to determine the mechanism for enhancement of GFV-2 replication by pretreatment of CAR cells with carbaryl, suppression of interferon was considered as a possibility. However, CAR cells had not yet been examined for interferon synthesis, nor had GFV-2 been examined for interferon induction in any cell line. We therefore first tested supernatants from CAR cultures infected with GFV-2 for antiviral protection in subsequent infections.
A protective effect against GFV-2 infection was observed when CAR cells were pretreated with IS, as shown by reduced viral replication (Table 1 ) and reduced cell destruction (Table 2) as compared as cultures which received US or stock medium before infection.
The factor mediating this protection was non-dialyzable and heat-stabile, did not modulate adsorption, and was sensitive to trypsin (Table 3) . Furthermore, antiviral protection was also provided to the ABIII cells of the homologous species (Table 4) . It should be noted that, owing to the toxicity of the structural components of GFV-2 virions to CAR cells (2a) , comparison of the antiviral activity of a crude homogenate with that of a clarified, acid-treated supernatant was precluded; ultracentrifugation was necessary to pellet virions and empty capsids, and acidification was necessary to inactivate residual virus. However, the persistence of antiviral activity after freezing and thawing, ultracentrifugation, and exposure to pH 2 suggests that the protective factor is resistant to these treatments. All of the It cannot be completely ruled out that the marked suppression of interferon synthesis is simply a by-product of carbaryl cytotoxicity and that some other undisclosed aspect of cellular metabolism is responsible for pesticide-induced enhancement of GFV-2 replication. However, a previous study has demonstrated that inhibition of interferon synthesis in vitro by a xenobiotic hydrocarbon (20-methylcholanthrene) results in enhanced replication of vaccinia virus (5) . These results, and the results of the present study, suggest that interferon synthesis should be examined further as a potential mechanism for enhancement of viral replication in other systems.
